One type of favorite source signals is a white noise signal having a Gaussian PDF 1 . Such a signal has a relatively flat signal spectrum density. White Gaussian noise generators can serve as useful test tools in solving engineering problems. Test and calibration of communication and electronics systems, cryptography and RADAR jamming are examples of noise generator applications. In this paper design and implementation of an X-band noise generator used in identifying the specification of the communication and electronics systems is described. This noise generator has 3dB bandwidth of 4GHz (7-11GHz), 60dB of ENR 2 and -114dBm/HZ of noise density.
INTRODUCTION
A strong reason to study of noise is its potential applications in real life. These applications encompass biomedical engineering, electronic circuits, communication systems, cryptography, computers, electro acoustics, geosciences, instrumentation and reliability engineering. Some of the other applications are in digital communication, analog integrated circuit diagnosis and learning processes of stochastic neural networks. White noise contains all frequencies in equal proportion so it is a convenient signal for system measurements, and experimental design work. Also, noise generators are used in a variety of testing, calibration and alignment applications especially with radio receivers. Consequently, white noise sources with calibrated power density have become standard laboratory instruments. A few of the parameters that can be measured with these sources are: Noise Equivalent Bandwidth, Amplitude Response and Impulse Response [1] . 1 They allow an operator to add a controlled amount of thermal noise to a reference signal to determine the effect of noise on system performance, such as BER 5 [4] . Also, noise sources can be used as a Gaussian modulating signal source to mimic real world conditions such as Rayleigh fading and other real world simulated models [5] .
3-Applications in ECM. High power amplified noise modules can be used to produce jammers for RF systems such as RADAR systems [5] .
4-Application in Encryption. An electrical thermal noise source is more random than anything else in nature. By sampling a noise source voltage at any given snapshot in time, a random occurrence can be used as an encryption seed [5] .
5-Continuous Monitoring of System Performance for BITE 6 . Often RADAR receivers, radiometers and digital radio applications utilize a built-in noise source to test the health of an RF receiver [5, 6] .
In this paper, design and implementation of an X-band white Gaussian noise with application in frequency response and noise bandwidth measurement is introduced. At first, a general theory of these measurements using white noise is mentioned, and then the structure of implemented noise generator with its important components is completely described. After that, complete block diagram of noise generator with simulation results are presented. Finally experimental results are shown. Good results of the implemented design, matched with simulation results, are a special feature of this circuit. 4 Device Under Test 5 Bit Error Rate 6 Built-In Test Equipment
NOISE THEORY
White noise is a stochastic process with a flat spectral density over a wide frequency range and can be used to measure parameters of communication systems. So, calibrated noise sources have become a very useful instrument in laboratories. Now consider Gaussian white noise x(t) with spectral density G x (f)=N 0 /2 applied to an LTI system having transfer function H(f). The resulting output y(t) will be Gaussian noise described by G y (f)=(N 0 /2)|H(f)| 2 . Pay careful attention to this equation which shows that the spectral density of filtered white noise takes the shape of |H(f)| 2 . So, the noise generator can be used as tracking generator to frequency response measurement of a system with benefits of low weight, volume and cost. All frequencies are generated at the same time in noise generator, so the speed of measurement can be considerably increased [1] .
NOISE GENERATOR STRUCTURE
Due to internal noise of measurement systems and to overcome to noise floor of these systems for testing DUT, noise generators need ENR [7] of about 60-70dB. The noise-generator output can be viewed as a collection of sine waves separated by, say, 1-Hz. Each separated frequency "bin" has its own Gaussian amplitude and random phase with respect to all the others. So the DUT is simultaneously receiving a collection or "ensemble" of input signals. As the spectrum analyzer frequency sweeps, it receives simultaneously the response of all the DUT frequencies that fall within the spectrum analyzer's IF noise bandwidth [8] . The general block diagram of the noise generator is shown in Figure 1 . The elements of the block diagram are demonstrated in the following sections.
3-1. NOISE SOURCE
One method of generating white Gaussian noise is to amplify thermal noise in a resistor. The density of the thermal noise is -174dBm/Hz at room temperature. Amplifying the thermal noise to overcome the internal noise of measurement systems in a wide bandwidth isn't easy [1, 7, 9] . The other method is to utilize a noise diode with ENR of about 25-35dB. Any Zener diode can be used as a source of noise. If, however, the source is to be calibrated and used for reliable measurements, avalanche diodes specially designed for this purpose are preferable by far. A good noise diode generates its noise through a carefully controlled bulk avalanche mechanism which exists throughout the PN junction, not merely at the junction surfaces where unstable and unreliable surface effects predominate due to local breakdown and impurity. A true noise diode has a very low flicker noise (1/f) effect and tends to create a uniform level of truly Gaussian noise over a wide band of frequencies. In order to maximize its bandwidth, the diode should have very low junction capacitance and lead capacitance [8] . Insensitivity of power level and frequency response of noise generator due to variation of its parameters such as dynamic resistor of diode, breakdown current of zener diode, load pulling, source pushing and matching network is very necessary in order to design a noise generator and its power supply. There is noise diode up to 110GHz made by NOISE/COM. In this design, the NOISEWAVE NW401 diode is used. It is rated for use from 10MHz to 18GHz, if appropriate construction methods are followed. In order to maximize the flatness of frequency response, microwave circuit lead length should be minimized to reach minimum inductance in the ground path and the coupling capacitors. The power-supply voltage must be clean, well bypassed and set accurately [8] .
3-2. AMPLIFIER
As mentioned before, noise generators need high ENR (60-70dB) to overcome the noise floor of the measurement instruments. Based on Noise Diode's ENR and noise figure of the amplifiers, up to 40-50dB amplification is needed over the wide bandwidth. To flatten the gain of wideband amplifier, the variations of |S21| have to be compensated. There are many methods to design wideband amplifiers such as reactive matching, lossy matching, balanced matching and matching with negative feedback [10] . In this paper, lossy matching combined with reactive matching is used to increase the bandwidth of amplifier and flatten the gain. In this design, four stages of MMIC amplifiers (Avago Technologies AMMP-5618) are used. Amplifiers are simulated with Advanced Design System. Matching network and filter are optimized to flatten the gain and decrease the input and output mismatch comparing to 50ȍ over the desired bandwidth. Also, sensitivity of matching and filter due to dimension variation of filter and matching network are reviewed.
3-3. FILTER
A third order Chebychev filter with 0.5dB ripple, 9GHz center frequency and 5GHz bandwidth is designed to maximize the output noise density over the desired bandwidth. To achieve maximum bandwidth and higher second order response due to implementation on micro-strip technology, and feasibility of micro-strip fabrication, the Edge-Coupled BPF is used for noise filtering. This parallel arrangement gives relatively large coupling for a given spacing between resonators, and thus, this filter structure is particularly convenient for constructing filters having a wider bandwidth than other structures [11] . For feasibility of implementation based on amplifier selection, the filter section of noise generator is implemented on a micro-strip laminate with lower permittivity and the other sections are implemented on a laminate with higher permittivity.
SIMULATION AND EXPERIMENTAL RESULTS
After prototype design, the total response including amplifiers matching network and filter response are optimized for flat gain and lower return loss. The final block diagram of the noise generator and the result of simulation are shown in Figure 2 , 3 respectively. The ripple over the desired frequency (7-11GHz) is ±1.5dB. In order to study the sensitivity of the overall response, variations of dimensions are considered with ±25% tolerances due to variation in implementation process and environmental conditions. The effect of the tolerances in simulation is shown in Figure 4 . Moreover, sensitivity of filter due to any element and matching network was simulated. Although, all sections of noise generator are not optimized because exact model of noise diode doesn't exist. Wideband and narrowband Experimental results of noise generator are shown in Figure 5 and Figure 6 . All results are measured by Anritsu MS2665C Spectrum Analyzer. The specification of the noise generator is summarized in Table 1 . The photo of the implemented noise generator is shown in Figure 7 . 
CONCLUSION
In this paper the sequences of designing a noise generator was discussed. The design consists of a wideband amplifier that generates noise with density of -114dBm/Hz over a wide bandwidth (7-11GHz) with ±1.5dB flatness. This noise generator could be used to test performance of communication and electronics systems such as BER, noise figure, linearity and frequency response in X-band.
